We present the total ionization cross section and spin asymmetry at projectile energies ranging from threshold to 500 eV for electron-impact excitation of atomic hydrogen. They are calculated using the convergent close-coupling formalism of Bray and Stelbovics [Phys. Rev. A 46, 6995 (1992)]. Both observables are found to be in complete quantitative agreement with measurements over almost the entire energy range. This is the only electron-atom scattering theory that is able to achieve this result to date. [13, 14] , and that pseudoresonances are simply an indication of an inadequate representation of the target. In the latter paper we applied the CCC method to the full e-H scattering problem in order to 746
The calculation of accurate total ionization cross sections is one aspect which a complete theory of electronhydrogen scattering must encompass. The experimental situation is that the cross section is known to high accuracy (statistical errors of order 3%%uo) over the energy range from 14.6 eV to 4 keV through the pulsed crossedbearn measurements of Shah, Elliott, and Gilbody [1] . Their experiment supersedes the earlier studies of Fite and Brackmann [2] and Rothe et al. [3] . The recent experiment of Shyn [4] yields results that are 2&o higher than those of Shah, Elliott, and Gilbody. However, these total ionization cross section estimates have re atively large uncertainties.
They are derived by performing a double integration over extrapolated energy and angles of the measured doubly differential cross sections, which are themselves only accurate to 20% . On states are poor approximations to the true target states. Nevertheless, the part of Hilbert space representing the higher discrete and continuum target states will be completely described as the basis is extended to completeness. Estimations of the total ionization cross sections using such expansions have been given by Gallaher [7] , Callaway and Oza [8] , and Callaway [9] for energies up to 54 eV. They tend to underestimate the ionization cross section and there is no attempt made to test the convergence of their expansions with an increasing number of basis expansions. A further estimate of total ionization cross sections has been made with the intermediateenergy R-matrix theory (IERM) [10] . This model overshoots the experiment by 10%%uo to 20'Fo. In this Letter we present results for our convergent close-coupling (CCC) method whose application was demonstrated in a simplified model [ll] , and in the full electron-hydrogen scattering problem [12] , where elastic and inelastic scattering to the n = 2 levels were discussed. In the former work we demonstrated that the method does yield correct cross sections in the PoetTemkin model [13, 14] , and that pseudoresonances are simply an indication of an inadequate representation of the target. In the latter paper we applied the CCC method to the full e-H scattering problem in order to [15] . Their application to atomic scattering problems is discussed by Rotenburg [16] .
In Ref. [12] 
Calculations of these parameters with the CCC method have been undertaken at a large number of energies chosen to adequately cover the energy range from threshold to 500 eV. As in Ref. [12] [ll] in the Poet-Temkin model, where we showed that pseudoresonances manifest themselves in this energy region. These disappear as the basis size is increased.
In Fig. 1 we present the results of our CCC calculations of the total ionization cross sections. For energies below 50 eV the results are from the 70CC calculations; those above are from 80CC runs. We see remarkable quantitative agreement with the measurements of Shah, Elliott, and Gilbody [1] across most of the energy range. We tend to undershoot the cross section in the threshold region up to 4 eV above the ionization threshold. The ionization cross sections are only accurate to within 30% in this region. This is not an unexpected result. It is merely a reflection of the interesting physics in the Wannier [17] region. At these low energies the ionized electrons are strongly correlated. Thus any expansion, such as in the close-coupling method where the two-electron wave function is represented as a sum of separable terms in the two electron coordinates, will need to be very extended. More suitable forms of expansion (see, for example, Read [18] Fig. 2 . As in Fig. 1 the results below 50 eV are due to the 70CC calculation, above 50 eV, the 80CC calculation. We see good agreement with the measurements of Fletcher et al. [19] and Crowe et ol. [20] . The latter work compares the asymmetries with a number of other theories. The only one of these that gets good agreement with experiment over most of the energy range is due to Bray, Madison, and McCarthy [21] . However, this turns out to be a fortuitous result as the associated total ionization cross section is even worse than the Born of Fig. 1 here. There are more detailed measurements of the ionization asymmetry (twenty data points within 2 eV range of threshold) by Guo et at. [23] , which we do not attempt to study here, due to the difficulties associated with this energy region as discussed above.
In conclusion, we have demonstrated that the convergent CCC model [12] of electron-hydrogen scattering yields exceptionally good total ionization cross sections and spin asymmetries for all energies excluding a small region of a few electron volts near the ionization threshold. It is the only electron-atom scattering theory that is able to achieve such a result to date, and provides us with the strongest confirmation yet of the validity of the CCC approach.
We 
